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Introduction 


9 Backeround 
Smart phone and tablet become popular 


DD» Efficient and fast transmission system 1n 
existing frequency 1s required. 


DD» MIMO system: 


© Increase the channel capacity of MIMO system 





v Consideration for antenna transmission 








* Antenna element 
* SNR 


* (Correlation of antenna 





Previous Study & Purpose 


CI Transmit antennas are at the top-center of room 
Ll Receive antennas are omni pattern antennas 
Ll Calculated channel capacity at ANY position and take average 


e Send A „ $ © Pattern B 


By comparing only dipole and bi-directional antenna, 
channel capacity is higher in the big room when using high gain antenna 


2 > Channel capacity [bits/s/Hz] 
| 





10x5x3 33.50 32.93 
30x 20x3 27.29 26.05 
70x 20x3 23.30 21.53 





Design bi-directional antenna on the ground 


Previous Study & Purpose 
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V-pol elements H-pol elements 
LI Hayashi,,IEICE Conf.,B-1-70, 2016 March 


Vertical polarization elements 
design bi-directional antenna using phase shifter 
Horizontal polarization elements 
design bi-directional antenna using two dipole antenna set orthogonal 


The problem is that the complexity of feeding circuit or phase shifter 
and simultaneous excitation 





Characteristic Mode Analysis 


Estimate eigenvalue and eigencurrent 
JI J2 J3 


Geometric configuration of antenna 


ss. 
Eigencurrent is determined without 
feeding point 
J4 J5 J6 


Evaluation guideline of CMA 
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An <0 Capacitive 
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It is difficult to know frequency when A=0 


Eigen value 


Characteristic Angle 


@ Eigen value 
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An 20 Inductive 


An=0 Resonance 


An €O Capacitive 
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3 4 5 6 
Freguency[GHz] 


The resonance freguency 1s easily verified by characteristics angle 


Vertical Polarization Element 


Y Loop antenna forms bi-directional pattern CI v mc 
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O Antenna geometry | 
Direction of current 
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[1 Radiation pattern —  E(theta) —  E(phi) 
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Strong radiation 1s in the y-direction, and null points are in the x-direction 


Horizontal Polarization Element 


| LI S-parameter 
v Notch antenna forms bi-directional pattern 0, p té 
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LI Antenna geometr foie cos 
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Radiate strongly in the x-axis direction, and null points are in the y-axis direction 


Geometry oi Composite Antenna 


Loop antenna is fixed under notch antenna because of smaller size 


Configuration A Configuration B 


@ Top view 


© Side view: 








In Configuration A, the loop antenna 1s fixed orthogonal to the notch antenna 


In Configuration B, the loop antenna is fixed parallel to the notch antenna 
Compare A with B, and get the optimal structure using CMA 





Results of CMA 


Ll Characteristic analysis 


210 —— Jlmode 
— — J2mode 


solid line : single element 
Dash line :configration A 










Dotline : configuration B 





20 1 3.5 3.6 
Frequency[GHz | 
CI JI mode(loop mode) L1 J2 mode(notch mode) 


© JI mode of either configuration 
A or B shift as compared to single element 
mode. 

© On the other hands, J2 mode of 
configuration A doesn't shift as compared 
to single element mode. 

J2 mode of configuration B shift as 
compared to it 















S-Parameter 


* Antenna geometry 





Configuration A 


e S-parameter 


0 Solid line: Configuration A 


22 . 

—= = Dash line : fi ion B 
= > S, Configuration 
5 15 | Mutual coupling of configuration A 1s low . 
© On the other side, mutual coupling of configuration 
- -20 í B is high. 
s. c Configuration A 1s optimal structure. 
d -2 8 p 
T [7] 
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40 Using this structure, consider 4element antenna. 
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Freguency [GHz | [1 


Aelements Antenna 


The composite antenna is rotated 90 degree to produce strong bi-directional, 
dual polarization radiation covers both direction. 
Antenna geometry 


(a) antenna position is positioned side by side 
(b) antenna position is positioned diagonally 


d=0.6À 





(a) x direction away (b) diagonally away 


Compare (a) and (b), and get optimal structure using CMA 


CMA of 4elements Antenna 


* Antenna geometry 
solid line : configuration A 


Dash line : (a) x direction away 
Dot line : (b) diagonally away 





* CMA (a) x direction away (b) diagonally away 








20 5 3.55 3.6 
| Frequency[GHz] | 


@ J2 mode of either (a) or (b) shifts as compared to single element mode. 
€ On the other hand, JI mode of (a) doesn't shift as compared to single element mode. 


J2 mode of (b) shift as compared to it 
consider combination (b) 1s good structure 





S-Parameter 
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Mutual coupling of each other of notch antenna and loop antenna 1s higher than other coupling. 
(a) structure 1s lower all couponing than (b) structure. 


Configuration (b) 1s optimal structure. 
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(c)zx-plane 


(a)xy-plane 


Each antenna have the bi-directional radiation pattern vvith a very small cross polarization 


Conclusion 


v Conclusion 


Ll] Four elements MIMO antenna operating at 3.5GHz is proposed 

LI A horizontal polarized pattern is obtained from a notch antenna 

Ll A vertical polarized pattern is obtained from a loop antenna 

CI Each antenna has the bi-directional pattern for four elements MIMO antenna 


v Future work 





Ll Fabrication and experiment 
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Configuration A 


@ Top view 





Configuration B 


@ Top view 
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S1mulation of calculation channel capacity 





Frequency 


Distance of transmitted & receive 
antenna 


Noise 

Transmission power 
Channel modeling 
Number of reflection 
Receiving antenna 


Quality of wall 
Relative permittivity 
Electrical conductivity 


MIMO 





3.5 GHz 
0.5A 


Nb dB 

Nb +80 dB 
Raytrace 
Until 5 
Isotropic 


concrete 
6.76 
0.0023 S/m 
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Mode radiation 


VEN 





X SN CN X d f IH / x 
/ 
R I 
ler. A | 





I 7 7 K, VÁ 
PT POX | 


v 





25 


24 


